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,QWURGXFWLRQ
.D]DNKVWDQ UDQNV QXPEHU QLQH LQ WKHZRUOG E\ DUHD EXW LWV SRSXODWLRQ GHQVLW\ LV RQH RI WKH ORZHVW&OLPDWLF
FRQGLWLRQVYDU\JUHDWO\RYHUWKH5HSXEOLFZLWKKRWGU\VXPPHUVLQWKHVRXWKZLWKWHPSHUDWXUHVUHDFKLQJ&DQG
FROGORQJZLQWHUVLQWKHQRUWKHUQDQGHDVWHUQUHJLRQVZKHUHWKHWHPSHUDWXUHGURSVEHORZ&6XFKFRQGLWLRQV
LPSRVH VSHFLDO UHTXLUHPHQWV RQ WKH TXDOLW\ DQG UHOLDELOLW\ RI HQHUJ\ VXSSO\ 7KH SURYLVLRQ RI SRZHU DQG
LPSURYHPHQWVWRH[LVWLQJSRZHUVXSSOLHVWRWKHUHPRWHUXUDODUHDVRI.D]DNKVWDQLVWKHUHIRUHDQXUJHQWWDVNDQGLV
WKHIRFXVRIDQXPEHURINH\PHGLXPDQGORQJWHUPJRYHUQPHQWSURJUDPV
&XUUHQWO\ LQ WKH DEVHQFHRI FHQWUDOL]HGSRZHU WKH HOHFWULFDO HQHUJ\ VXSSO\ LV XVXDOO\ SURYLGHGE\JHQHUDWLQJ
SODQWV EDVHG RQ GLHVHO RU JDV SLVWRQ HQJLQHV VROHO\ JHQHUDWLQJ HOHFWULFDO SRZHU PRQRJHQHUDWLRQ 7KH HQHUJ\
HIILFLHQF\RIVXFKV\VWHPVW\SLFDOO\GRHVQRWH[FHHG+HDWLQJRQWKHRWKHUKDQGLVPDLQO\SURYLGHGE\IXUQDFH
FRPEXVWLRQRIVROLGIXHOVZLWKHQHUJ\HIILFLHQF\LQWKH±UDQJH
6LJQLILFDQW SURJUHVV FDQ EH DQWLFLSDWHG IURP WKH DGRSWLRQ RI FRJHQHUDWLRQ V\VWHPV ZKLFK XWLOL]H WKH KHDW
SURGXFHGE\LQWHUQDOFRPEXVWLRQHQJLQHVIRUKHDWLQJSXUSRVHV>@
(QHUJ\HIILFLHQFLHVRI±FDQEHDFKLHYHGE\FRJHQHUDWLRQSODQWVIHHGLQJHOHFWULFDODQGKHDWLQJORDGV:LWK
V\VWHPVEDVHGRQJDVSLVWRQRUGLHVHOHQJLQHVWKHPD[LPXPHQHUJ\HIILFLHQF\LVDFKLHYHGDWDQDSSUR[LPDWHUDWLRRI
HOHFWULFDOWRWKHUPDOJHQHUDWLRQRI2EYLRXVO\IRUKRXVLQJDQGSXEOLFXWLOLWLHVVXFKDUDWLRZLOORQO\EHXVHG
RYHUVKRUWSHULRGVLQVSULQJDQGDXWXPQ$VDFRQVHTXHQFHWKHDYHUDJHRYHUDOODQQXDOHIILFLHQF\RIRSHUDWLQJVXFK
FRJHQHUDWLRQV\VWHPVXQGHUWKHVKDUSO\YDU\LQJFRQWLQHQWDOFOLPDWHLQ.D]DNKVWDQZLOOQRWH[FHHG±
6LQFH WKH V WKH DSSOLFDWLRQ RI JHRWKHUPDO KHDW SXPS *+3 WHFKQRORJLHV IRU KHDWLQJ DQG FRROLQJ KDV
SURJUHVVHGUDSLGO\>±@
'HVSLWHLWVDGYDQWDJHV*+3LVQRWZLGHO\XVHGLQ.D]DNKVWDQGXHWRWKHKLJKFRVWRILPSRUWHGHTXLSPHQW WKH
LQHYLWDEOH LQFUHDVH LQ HOHFWULFDO HQHUJ\ FRQVXPSWLRQ DQG D ODFN RI VXIILFLHQW LQIUDVWUXFWXUH WR VXSSRUW GHVLJQ
LQVWDOODWLRQDQGVHUYLFHRUJDQL]DWLRQV
7KHDLPRIWKLVZRUNLVWRFUHDWHDQHZJHQHUDWLRQRISRZHUJHQHUDWLRQHTXLSPHQWWRSURYLGHDXWRQRPRXVHQHUJ\
VXSSOLHV DW UHPRWH VLWHV WR HQKDQFH LQGXVWULDO SURGXFWLRQ DQG ZLGHVSUHDG XVH RI WKLV WHFKQRORJ\ WKURXJKRXW WKH
FRXQWU\
%DVHGRQWKHDQDO\VLVRIWKHODWHVWDFKLHYHPHQWVLQWKLVILHOG>±@DXWKRUVRIWKLVSDSHUPDGHDQDVVXPSWLRQ
WKDW FRPELQLQJ D FRJHQHUDWLRQ V\VWHP RQ WKH EDVLV RI ,&( DQG *+3 ZLWK GLUHFW PHFKDQLFDO GULYH DOORZV WR
VLJQLILFDQWO\ LQFUHDVH WKH HIILFLHQF\ RI DXWRQRPRXV HQHUJ\ VXSSO\ V\VWHPV LQ WKH FDVH RI FRQVLGHUDEOH VHDVRQ
IOXFWXDWLRQVLQHOHFWULFLW\DQGKHDWLQJGHPDQGV
7KHDQDO\VLVRI IRVVLO IXHOFRQVXPSWLRQIRUDFRPELQHGHQHUJ\VXSSO\RI VWDQGDUGEXLOGLQJSODFHG LQGLIIHUHQW
FOLPDWLF ]RQHV ZLWK GLIIHUHQW PHWKRGV RI SRZHU KHDW DQG FROG JHQHUDWLRQ VXFK DV PRQRJHQHUDWLRQ 0*
FRJHQHUDWLRQ&*FRPSOH[FRJHQHUDWLRQ&&*DQGWULJHQHUDWLRQ7*ZHUHSURYLGHGLQWKLVSDSHU
*HQHUDOL]HGWHFKQLFDOIHDWXUHVRIWKHWULJHQHUDWLRQSODQW
7KHFRQFHSWRIDWULJHQHUDWLRQSODQWLQFOXGLQJ,&(ZLWKDKHDWXWLOL]DWLRQV\VWHPDQGWZRUHYHUVLEOHKHDWSXPSV
ZLWK GLUHFW PHFKDQLFDO GULYH FRPSUHVVRUV LV SURSRVHG E\ WKH DXWKRUV LQ RUGHU WR FDUU\ RXW WKH UHVHDUFK 7KH
H[SHULPHQWDOSODQWLVEDVHGRQWKLVFRQFHSWIRUSK\VLFDOPRGHOLQJLQRUGHUWRUHFHLYLQJLQLWLDOGDWDIRUWKHFUHDWLRQ
RIDPDWKHPDWLFDOPRGHODQGLWVFDOLEUDWLRQ7KHH[SHULPHQWDOSODQWDOORZVVLPXODWLRQRIUHDOFRQGLWLRQVIRUHQHUJ\
JHQHUDWLRQDWDQ\UDWLRRIKHDWFROGDQGHOHFWULFLW\JHQHUDWLRQ
)LJXUHVKRZVWKHJHQHUDOVWUXFWXUHRIDWULJHQHUDWLRQSODQW
:KHQHOHFWURPDJQHWLF FRXSOHUV(&DQG(&DUH VZLWFKHGRQ WKH ,&( URWRU¶V VSLQQLQJ LV WUDQVIHUUHG WR WKH
KHDW SXPS FRPSUHVVRUV 7KH KHDW SXPSV FRQWDLQ ZD\ YDOYHV E\ZKLFK LW LV SRVVLEOH WR UHYHUVH WKH KHDW IORZ
GLUHFWLRQVWKHFRQGHQVHU&EHFRPHVDQHYDSRUDWRU(DQGYLFHYHUVD
7KHUPDOHQHUJ\JHQHUDWHGE\ WKH ,&( LVGLVFKDUJHGZLWKH[KDXVWJDVHVDQGIURPWKHZDWHU MDFNHW+HDWRI WKH
H[KDXVWJDVHV LV UHFRYHUHGE\ WKHXVHRI WKHERLOHU +5% JDVZDWHU W\SH5HPRYDORIKHDW IURP WKHFRRODQW LV
DFKLHYHGE\PHDQVRIDZDWHUFRROHGKHDWH[FKDQJHU+(
(OHFWULFLW\IURPWKHWLUHVRIWKHHOHFWULFJHQHUDWRULVVXSSOLHGWRWKHFRQVXPHU
 
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
,&(±LQWHUQDOFRPEXVWLRQHQJLQHGLHVHORUJDVSLVWRQ+(±KHDWH[FKDQJHUIRUHQHUJ\UHFRYHU\IURPHQJLQHZDWHUFRROLQJV\VWHP+5%±KHDW
UHFRYHU\ERLOHUJDVZDWHURIH[KDXVWJDVHV+3	+3±UHYHUVLEOHYDSRXUFRPSUHVVLRQKHDWSXPSVZLWKGLUHFW9EHOWPHFKDQLFDOGULYH
IURP ,&( & ± FRQGHQVHU ( ± HYDSRUDWRU (* ± HOHFWULF JHQHUDWRU (& ± HOHFWURPDJQHWLF FRXSOLQJ 36) ± SRZHU VXSSO\ IHHGHU

)LJ*HQHUDOL]HGWHFKQLFDOVWUXFWXUHRIWKHWULJHQHUDWLRQSODQW7*3
2.1 Monogenertion of the electricity by the TGP. Mode “MG” 
)LJXUHDVKRZVWKHFRQILJXUDWLRQRIWKH7*3ZKHQVHWXSIRUVLPSOHPRQRJHQHUDWLRQ
,QWKLVPRGHWKHSODQWRQO\JHQHUDWHVHOHFWULFDOHQHUJ\,QWKLVFDVHWKHH[KDXVWJDVHVFDQEHGLVFKDUJHGLQWRWKH
DWPRVSKHUHZLWKRXWFRROLQJWKURXJKWKHE\SDVVRUWKH\FDQEHFRROHGLQDKHDWUHFRYHU\ERLOHUXVLQJWKHFROOHFWHG
KHDWIRUUHJHQHUDWLQJWKHJHRWKHUPDOFROOHFWRU*&
,QRUGHUWRFRQILJXUHWKH7*3IRUWKHPRQRJHQHUDWLRQPRGHWKHIROORZLQJRSHUDWLRQVDUHFDUULHGRXW

x 7KHHOHFWULFFRXSOLQJVWRWKHKHDWSXPSVDUHGLVFRQQHFWHG
x 7KHKHDWUHFRYHU\ERLOHU+5%DQGWKHZDWHUMDFNHWKHDWH[FKDQJHU+(DUHFRQQHFWHGWRWKHJHRWKHUPDO
FROOHFWRU*&
x 7KHHOHFWULFDOORDGLVFRQQHFWHGWRWKHJHQHUDWRU
2.2 Simple cogeneration of electrical and heat power by the TGP in cogeneration mode (CG) 
)LJXUH  E VKRZV KRZ WKH 7*3 FDQ EH VHW XS IRU WKH FRJHQHUDWLRQ RI ERWK KHDW DQG HOHFWULFLW\ 7KH SODQW
SURGXFHV HOHFWULFDO SRZHU LQ WKH TXDQWLW\ UHTXLUHG DQG WKH KHDW SURGXFHG E\ WKH ,&( VRPH ORVVHV LQWR WKH
HQYLURQPHQWFDQQRWEHUHFRYHUHGLVUHFRYHUHGIURPWKHZDWHUMDFNHWE\PHDQVRIWKHKHDWUHFRYHU\ERLOHUDQGKHDW
H[FKDQJHU([WUDFWHGKHDWLVXVHGIRUKHDWLQJKRWZDWHUVXSSO\DQGWHFKQRORJLFDOQHHGV
,QRUGHUWRFRQILJXUHWKH7*3WRDVLPSOHFRJHQHUDWLRQPRGH

x 7KHKHDWSXPSVDUHGLVFRQQHFWHG
x 7KHKHDWUHFRYHU\ERLOHU+5%RQWKHVHFRQGDU\VLGHLVFRQQHFWHGWRWKHKHDWLQJV\VWHP
x 7KHZDWHUMDFNHWKHDWH[FKDQJHU+(RQWKHVHFRQGDU\VLGHLVFRQQHFWHGWRWKHKHDWLQJV\VWHP
x 7KHHOHFWULFDOORDGLVFRQQHFWHGWRWKHJHQHUDWRU
 
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E
)LJD&RQILJXUDWLRQRIWKH7*3VHWXSLQ0RQRJHQHUDWLRQ0RGHKHDWDQGFRROLQJORDGVPLVVLQJE&RQILJXUDWLRQRIWKH7*3LQ
&RJHQHUDWLRQ0RGH&*
2.3 Cogeneration of electrical and heat energies with a geothermal heat pump. Mode "CCG" 
7KHSODQWSURGXFHVHOHFWULFHQHUJ\DVGHPDQGHGDQGWKHKHDWIRUPHGE\WKH,&(H[FOXGLQJLUUHFRYHUDEOHORVVHV
LVXWLOL]HGLQWKHKHDWLQJV\VWHPDVLQWKHVLPSOHFRJHQHUDWLRQFRQILJXUDWLRQ
&RPSOH[FRJHQHUDWLRQ)LJXUHDZKHUHLWLVDVVXPHGWKDWWKHDPRXQWRIPHFKDQLFDOHQHUJ\H[WUDFWHGWR
JHQHUDWH HOHFWULFDO HQHUJ\ LV OHVV WKDQ WKH PD[LPXP HQJLQH SRZHU DQG SDUW RI WKH PHFKDQLFDO HQHUJ\ LV
FRQVXPHGLQGULYLQJKHDWSXPSFRPSUHVVRUVRQHRUWZRLQSDUDOOHORSHUDWLRQ7KHKHDWSXPSHYDSRUDWRULVLQD
K\GUDXOLFFLUFXLWZLWKWKHJHRFROOHFWRUDQGWKHFRQGHQVHUVLGHRIWKHKHDWSXPSUHFRYHUVKHDWWRWUDQVIHUWRWKH
KHDWLQJV\VWHP
,QRUGHUWRFRQILJXUHWKH7*3WRRSHUDWHLQFRPSOH[FRJHQHUDWLRQPRGHWKHIROORZLQJRSHUDWLRQVDUHFDUULHGRXW

x 7KHHOHFWURPDJQHWLFFRXSOLQJWRWKHKHDWSXPSVDUHFRQQHFWHG
x ZD\YDOYHVDUHRSHQHGWRWKHKHDWSXPSVWRGLUHFWORZJUDGHKHDWIURPWKHJHRFROOHFWRUDQGWUDQVPLWKHDWWR
WKHKHDWLQJV\VWHP
x +HDWH[FKDQJHUV+5%+(DQGDKHDWSXPSFRQGHQVHUDUHLQFOXGHGLQWKHKHDWLQJV\VWHP
x 7KHHOHFWULFDOORDGLVFRQQHFWHGWRWKHJHQHUDWRU

2.4 Trigeneration. Simultaneous production of electricity, heat and cold. Mode "TG" 
$QHFHVVLW\RI7*FRQILJXUDWLRQDULVHVLQFDVHVZKHQ\RXQHHGVLPXOWDQHRXVJHQHUDWLRQRIHOHFWULFLW\KHDWDQG
FROGHJIRUFRROLQJ
)LJXUH  E VKRZV WKH FRQILJXUDWLRQ RI WKH 7*3 IRU WULJHQHUDWLRQ 7KH SODQW SURGXFHV HOHFWULFDO HQHUJ\ IRU
FRQVXPSWLRQDQGWKHKHDWIRUPHGLQWKH,&(OHVVLUUHFRYHUDEOHORVVHVLVXVHGLQWKHKHDWLQJV\VWHPDVLQWKH³&*´
³&&*´PRGHV
:KHQWKH7*3ZRUNVLQDWULJHQHUDWLRQVFKHPHVHYHUDOKHDWIORZVDUHUHPRYLQJLQWRWKHKHDWLQJV\VWHP7KHVH
LQFOXGHZDVWHKHDWIURPWKH,&(KHDWUHPRYLQJIURPWKHKHDWSXPSFRQGHQVHU+3DQGKHDWREWDLQHGIURPKHDW
SXPS+3IURPDORZJUDGHKHDWVRXUFHWKHJHRFROOHFWRU
,QRUGHUWRFRQYHUWWKH7*3WRDWULJHQHUDWLRQPRGHWKHIROORZLQJRSHUDWLRQVDUHFDUULHGRXW

x 7KHHOHFWURPDJQHWLFFRXSOLQJWRWKHKHDWSXPSVDUHFRQQHFWHG
x +HDWSXPS+3ZD\YDOYHLVVZLWFKHGWRGLUHFWKHDWUHPRYLQJIURPWKHFRROLQJIDFLOLW\LQWRWKHKHDWLQJV\VWHP
x +HDW SXPS+3 ZD\ YDOYH LV VZLWFKHG WR GLUHFW ORZJUDGH KHDW UHPRYLQJ IURP WKH JHRFROOHFWRU LQWR WKH
KHDWLQJV\VWHP
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x +HDWH[FKDQJHUV+5%+(DQGKHDWSXPSVFRQGHQVHUV+3DQG+3DUHLQFOXGHGLQWKHKHDWLQJV\VWHP
x 7KHHOHFWULFDOORDGLVFRQQHFWHGWRWKHJHQHUDWRU

  
 D E
)LJD&RQILJXUDWLRQRIWKH7*3LQ&RPSOH[&RJHQHUDWLRQ0RGH&&*VLPXOWDQHRXVSURGXFWLRQRIHOHFWULFDODQGKHDWSRZHUXVLQJDQ
,&(DQGKHDWSXPSE&RQILJXUDWLRQRIWKH7*3LQ7ULJHQHUDWLRQ7*PRGHVLPXOWDQHRXVSURGXFWLRQRIHOHFWULFLW\KHDWDQGFROG
5HVXOWV
7KHFOLPDWHRI.D]DNKVWDQLVVKDUSO\FRQWLQHQWDOZLWKSURQRXQFHGGLIIHUHQFHVEHWZHHQWKHQDWXUDOJHRJUDSKLF
]RQHV>@)RUWKHFRXQWU\DVDZKROHWKHUHDUHODUJHIOXFWXDWLRQVLQWHPSHUDWXUHERWKGDLO\DQGDQQXDOO\,QWKH
SODLQVDQG ORZODQGV WKHDQQXDODQGPRQWKO\ WHPSHUDWXUHVYDU\IURPQRUWK WRVRXWK7KHDYHUDJHDLU WHPSHUDWXUH
WKURXJKRXWWKHSODLQDQGORZODQGSDUWRIWKHFRXQWU\LVSRVLWLYH,QWKHQRUWKLWLV&LQVRXWKHUQPRVWUHJLRQV
LW UHDFKHV  & ,QPRXQWDLQRXV DUHDV WKH DYHUDJH WHPSHUDWXUH GURSVZLWK DOWLWXGH 7KH FROGHVW PRQWKV LQ
.D]DNKVWDQDUH-DQXDU\DQG)HEUXDU\7KHDYHUDJHWHPSHUDWXUHLQWKHQRUWKLV&DQGLQWKHVRXWK&,Q
WKHQRUWKWHPSHUDWXUHVFDQVRPHWLPHVUHDFK&ZKLOHLQWKHVRXWKWKHWHPSHUDWXUHUDUHO\GURSVEHORZ&
7KHZDUPHVWPRQWK LQ.D]DNKVWDQ LV -XO\ZLWK DYHUDJH WHPSHUDWXUHV LQ WKHQRUWKRI & DQG LQ WKH VRXWK
&7KHKLJKHVWWHPSHUDWXUHLQWKHQRUWKGRHVQRWH[FHHG&DQGLQWKHVRXWK&>@
)RUWKHSXUSRVHVRIDQDO\VLVWKHFRXQWU\LVGLYLGHGLQWRWHPSHUDWXUH]RQHVEDVHGRQWKHQXPEHURIGHJUHHGD\VRI
KHDWLQJ LQ WKH UHJLRQ 7KH GHJUHHGD\ LV DQ LQGLFDWRU REWDLQHG E\ HYDOXDWLQJ WKH GLIIHUHQFH EHWZHHQ WKH DLU
WHPSHUDWXUH LQVLGH WKH KHDWHG SUHPLVH DQG WKH DYHUDJH RXWGRRU WHPSHUDWXUH GXULQJ WKH KHDWLQJ SHULRG DQG WKHQ
PXOWLSO\LQJ LWE\ WKHGXUDWLRQRI WKHKHDWLQJSHULRG7KHKHDWLQJSHULRG LVGHILQHGDV WKHQXPEHURIGD\VZLWKDQ
DYHUDJHWHPSHUDWXUHEHORZ&LQDFFRUGDQFHZLWKQDWLRQDOVWDQGDUG&15RI5.7KLVUHVXOWV LQ
WKHIROORZLQJILYH]RQHV)LJXUH
x Zone I±GHJUHHGD\V WKHWHUULWRU\RIWKHVRXWKZHVWHUQDQGVRXWKHUQ.D]DNKVWDQZLWKDQDYHUDJH
WHPSHUDWXUHGXULQJWKHKHDWLQJSHULRGRI&0DMRUFLWLHVLQWKH]RQH±6K\PNHQWDQG$NWDX
x Zone II±GHJUHHGD\V±PRVWRIVRXWKHUQ.D]DNKVWDQQRWLQ=RQH,DVIDUDV$OPDW\WRWKHHDVWZLWK
DQDYHUDJHWHPSHUDWXUHGXULQJWKHKHDWLQJSHULRGEHWZHHQ±&DQG±&0DMRUFLWLHVZLWKLQWKH]RQHDUH
.\]\ORUGD7XUNHVWDQ7DUD]DQG$OPDW\
x Zone III ±GHJUHHGD\V  WKH WHUULWRU\RI FHQWUDO.D]DNKVWDQZLWK DQ DYHUDJH WHPSHUDWXUH GXULQJ WKH
KHDWLQJ SHULRG ZLWKLQ WKH OLPLWV ± & WR ± & 0DMRU FLWLHV ZLWKLQ WKH ]RQH DUH $UDOVN $W\UDX DQG
7DOG\NXUJDQ
x Zone IV±GHJUHHGD\V±QRUWKHUQFHQWUDO.D]DNKVWDQZLWKDQDYHUDJHWHPSHUDWXUHGXULQJWKHKHDWLQJ
SHULRGZLWKLQWKHOLPLWVRI±DQG±&0DMRUFLWLHVLQWKH]RQHDUH$NWREH8UDOVN2VNHPHQDQG7RUJD\
Zone VGHJUHHGD\VWKHWHUULWRU\RIWKHQRUWKHUQ.D]DNKVWDQZLWKDQDYHUDJHWHPSHUDWXUHGXULQJWKH
KHDWLQJSHULRGEHWZHHQ±DQG±&0DMRUFLWLHVLQWKLV]RQHLQFOXGH$VWDQD3DYORGDU3HWURSDYORVN.RVWDQD\
DQG.RNVKHWDX
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
)LJ7HPSHUDWXUH]RQHVRIWKH5.WKHKRXVHLFRQVPDUNWKHSRVLWLRQVRIWKH³VWDQGDUGEXLOGLQJV´
7KHDYHUDJHPRQWKO\WHPSHUDWXUHVRIWKHVH]RQHVDUHLOOXVWUDWHGLQ)LJXUHD
,QRUGHUWRFRPSDUHWKHHQHUJ\HIILFLHQFLHVRIFRPSOH[HQHUJ\VXSSO\V\VWHPVIRUUHVLGHQWLDOSURSHUWLHVORFDWHGLQ
GLIIHUHQW FOLPDWLF ]RQHV RI .D]DNKVWDQ D PRGHO ³VWDQGDUG EXLOGLQJ´ RI  P ZDV SURSRVHG ZLWK D EDVHOLQH
KHDWLQJUDWHRIN:KPî&îGD\(OHFWULFDOHQHUJ\FRQVXPSWLRQZDVVHWWRHQVXUHDFRPIRUWDEOHVWD\E\
WKHDVVXPSWLRQRIN:KSHUSHUVRQSHUPRQWK,QWKH³VWDQGDUGEXLOGLQJ´SHRSOHDUHDVVXPHGWRUHVLGHDQGWKH
PD[LPXPHQHUJ\FRQVXPSWLRQIRUGRPHVWLFKRWZDWHULVWDNHQWREHN:KSHUSHUVRQSHUPRQWK&DOFXODWLRQVRI
HQHUJ\FRQVXPSWLRQLQD³VWDQGDUGEXLOGLQJ´ZHUHPDGHIRUWKHWHPSHUDWXUH]RQHV)LJXUHE
7KHHQHUJ\HIILFLHQFLHVRIYDULRXV W\SHVRISRZHUJHQHUDWLRQZHUHPRGHOOHGXVLQJVSHFLDO VRIWZDUHGHYHORSHG
XVLQJ/DE9LHZ>@7KHLQLWLDOGDWDXVHGIRUWKHFDOFXODWLRQVZHUHDQQXDODQGGDLO\ORDGGLDJUDPV
7KHSURJUDPPRGHOVDQQXDODQGGDLO\ORDGVIRUWKHIRXUGLIIHUHQWPRGHVRISRZHUVXSSO\

x 0RQRJHQHUDWLRQ0*WKHVHSDUDWHJHQHUDWLRQRIHOHFWULFLW\LQDGLHVHOJDVSLVWRQJHQHUDWRU'***DQGKHDW
LQDERLOHU
x &RJHQHUDWLRQ&*DFRPELQHGJHQHUDWLRQRIKHDWDQGSRZHUHQHUJ\ZLWKDGLHVHOJDVSLVWRQJHQHUDWRUZLWKDQ
DGGLWLRQDOERLOHU
x &RPSOH[ FRJHQHUDWLRQ &&* WKH FRPELQHGJHQHUDWLRQRIKHDW DQGSRZHU HQHUJ\XVLQJ DGLHVHO JDVSLVWRQ
JHQHUDWRUZLWKDQLQWHJUDWHGKHDWSXPSSODQW
x 7ULJHQHUDWLRQ7*SURGXFWLRQRIDOOW\SHVRIHQHUJ\LQDVLQJOHSODQW

  
)LJD$YHUDJHPRQWKO\WHPSHUDWXUHVIRUVHOHFWHG]RQHVRIWKH5.E+HDWLQJV\VWHPDQGDLUFRQGLWLRQLQJFRQVXPSWLRQVRYHUD\HDUIRUWKH
WHPSHUDWXUH]RQHVRIWKH5.
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
)LJXUHVKRZVWKHIXHOFRQVXPSWLRQGDWDIRUWKHWULJHQHUDWLRQSODQWLQIRXUPRGHVLQWKUHHFOLPDWLF]RQHV,,,,	9


)LJ$QQXDOIXHOFRQVXPSWLRQILJXUHVIRUWKHJHQHUDWLRQRIYDULRXVW\SHVRIHQHUJ\
7KHSURJUDPFRQVLVWVRIWZRPDLQVHFWLRQV

x $QDO\VLVRIDQQXDOORDGV$OORZVWKHFRPSXWDWLRQRIWKHUHTXLUHGFDSDFLW\RIEDFNERQHXQLWVGHSHQGLQJRQWKH
SRZHU VXSSO\ FLUFXLW VHH 7DEOH  WR GHWHUPLQH WKH HQHUJ\ SHUIRUPDQFH RI WKH V\VWHP WKH DQQXDO IXHO
FRQVXPSWLRQ
x $QDO\VLVRIWKHGDLO\ORDGV$OORZVWRGHILQHFDSDFLW\RIKHDWVWRUDJHDQGHOHFWULFDOEDWWHULHV

&DOFXODWLRQV ZHUH FDUULHG RXW IRU  P ³VWDQGDUG EXLOGLQJV´ ORFDWHG LQ WKH ILYH WHPSHUDWXUH ]RQHV )XHO
FRQVXPSWLRQFDOFXODWLRQV7DEOHZHUHFDUULHGRXWIRUHDFKWHPSHUDWXUH]RQHDQGIRUWKHGLIIHUHQWW\SHVRIHQHUJ\
VXSSO\QRUPDOL]HGWRDEDUUHORIRLOHTXLYDOHQW%2(
7DEOH&RPSRQHQWVDVVXPHGIRUHDFKDJJUHJDWHJHQHUDWLRQV\VWHP
 0* &* &&* 7*
(OHFWULFSRZHUVXSSO\ '*** '*** '*** '***
+HDWSRZHUVXSSO\ %RLOHU ,&(&RROLQJ6\VWHP%RLOHU
,&(&RROLQJ6\VWHP
*+3 ,&(&RROLQJ6\VWHP*+3
&RROLQJ &RQGLWLRQHUDVDGGLWLRQDOHOHFWULFDOORDG
&RQGLWLRQHUDVDGGLWLRQDO
HOHFWULFDOORDG
&RQGLWLRQHUDVDGGLWLRQDO
HOHFWULFDOORDG *+3
7DEOH$QQXDOIXHOFRQVXPSWLRQVLQWKHJHRJUDSKLF]RQHV%2(
 =RQH,%2(
=RQH,,
%2(
=RQH,,,
%2(
=RQH,9
%2(
$VWDQD
%2(
=RQH9
%2(
0*      
&*      
&&*      
7*      
&RQFOXVLRQ
7KHHQHUJ\VDYLQJVDFKLHYHGE\WKHDSSOLFDWLRQRIFRJHQHUDWLRQSODQWVWRUHVLGHQWLDOEXLOGLQJVLQUHJLRQVKDYLQJ
VLJQLILFDQW VHDVRQDO WHPSHUDWXUH YDULDWLRQV LV FRPSOH[ DQG GRHV QRW QHFHVVDULO\ OHDG WR WKH H[SHFWHG HFRQRPLF
HIIHFWV$QQXDOUHGXFWLRQVLQIXHOFRQVXPSWLRQDUHOHVVWKDQIRUWKHZDUPFOLPDWH]RQHVRI.D]DNKVWDQDQG
IRUWKHFROGUHJLRQV
7KHXVHRID WULJHQHUDWLRQSODQWDV WKHPDLQHQHUJ\VRXUFH LQDXWRQRPRXVV\VWHPVFDQ UHVXOW LQD WKUHHIROGRU
PRUHUHGXFWLRQ LQIRVVLO IXHOFRQVXPSWLRQZKHQFRPSDUHG WRPRQRJHQHUDWLRQ7KLVDSSOLHV WRDOO WKH LQYHVWLJDWHG
WHPSHUDWXUH]RQHVLQ.D]DNKVWDQDQGLVDFFRPSDQLHGE\UHGXFHGJUHHQKRXVHJDVHPLVVLRQV
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)XHO VDYLQJ LV DFKLHYHG E\ FRPELQLQJ JHQHUDWLRQZLWK WKH UHFRYHU\ RI ORZJUDGH KHDW IURP WKH (DUWK
V FUXVW
(QHUJ\ORVVHVDUHUHGXFHGE\WKHXVHRIKHDWSXPSVWRJHQHUDWHFROGIRUDLUFRQGLWLRQLQJ:HH[SHFWWKDWDGGLWLRQDO
HQHUJ\VDYLQJVFDQEHDFKLHYHGE\WKHXVHRIQDWXUDODLUFRQGLWLRQLQJZLWKDVLPXOWDQHRXVVHDVRQDOUHJHQHUDWLRQRID
JHRWKHUPDOFROOHFWRU
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